Adenine, a hairpin ribozyme cofactor--high-pressure and competition studies.
The RNA world hypothesis assumes that life arose from ancestral RNA molecules, which stored genetic information and catalyzed chemical reactions. Although RNA catalysis was believed to be restricted to phosphate chemistry, it is now established that the RNA has much wider catalytic capacities. In this respect, we devised, in a previous study, two hairpin ribozymes (adenine-dependent hairpin ribozyme 1 and adenine-dependent hairpin ribozyme 2) that require adenine as cofactor for their reversible self-cleavage. We have now used high hydrostatic pressure to investigate the role of adenine in the catalytic activity of adenine-dependent hairpin ribozyme 1. High-pressure studies are of interest because they make it possible to determine the volume changes associated with the reactions, which in turn reflect the conformational modifications and changes in hydration involved in the catalytic mechanism. They are also relevant in the context of piezophilic organisms, as well as in relation to the extreme conditions that prevailed at the origin of life. Our results indicate that the catalytic process involves a transition state whose formation is accompanied by a positive activation volume and release of water molecules. In addition, competition experiments with adenine analogs strongly suggest that exogenous adenine replaces the adenine present at the catalytic site of the wild-type hairpin ribozyme.